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A METHOD AND NODES FOR ROUTING A CALL IN A MOBILE TELECOMMUNICATION NETWORK 

Field of the invention 

This invention concerns the routing of calls in a mobile telecom- 
munication system. 

5 Background of the invention 

Network elements relating to a known mobile telecommunications 
network and the connections between the network elements are presented in 
Figure 1 . The network used as an example in this application is according to 
the GSM standard. In the context of this application, the word network corre- 
10 spends to a mobile telecommunication network operated by one operator. 
The solid lines in the figure illustrate connections comprising both signaling 
and traffic connections. The dashed lines correspond to pure signaling con- 
nections. 

The network comprises Mobile Stations MS, Base Transceiver 

15 Stations (BTS1-BTS6), Base Station Controllers (BSC1, BSC2) and Mobile 
Switching Stations (MSCA, MSCB). The mobile switching stations are con- 
nected to their corresponding Visitor Locations Registers VLR. Additionally, 
the network comprises Home Location Registers HLR, and a Network Man- 
agement System NMS. 

20 The mobile stations MS are capable of establishing connections 

with the base stations BTS. A plurality of base transceiver stations are con- 
trolled by a base station controller BSC. Con-espondingly, a plurality of base 
station controllers are controlled by a mobile switching center MSG. As an 
example, the connections established by the mobile station MS shown in the 

25 figure are routed from the base station BTS4 via the base station controller 
BSC2 to the mobile switching center MSCA. Depending on the location of 
the called subscriber, MSCA switches the calls back to base station control- 
lers BSC1 or BSC2 controlled by MSCA, to other mobile switching centers 
such as MSCB or to other telecommunication networks such as the PSTN 

30 (Public Switched Telephone Network) or the ISDN (Integrated sen^ices Digi- 
tal Network). 

One feature characteristic of mobile telecommunication networks 
is that the geographical location of the mobile stations can change. Due to 
this, the network has to maintain information about the location of the mobile 
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• ,-• thi«; information is distributed 

subscribers, .n *e networK shown ,n ^.9- ^h^s ,n o^ ^^^^ 

between the home locatior, '^'^'^'^^''^^^cer^ers MSC. The HLR is 

in the hor^e network »' *^ I™ „,i„^M<^ of the mobile subscriber 

subscriber information *^ '^"^J^R area typicaliy equals the area 
with an accuracy of one VLR area, in ^.^^^^ ^^y,^ 

3e„ea by one mob. — «^ subscriber is visHin« at 

;:rc::r:o"erir.orr.at.n.^^^^^^^^^^^ 

— o,r :eS:r e.amp>e. ar. to ioa- 
tion concerning the traffic situau elements, 
configuration infomration and P^^^ ^ is shown in Figure 2. 

The -«"^°' ^^MN^^^^^^^^ und Mobile NetworK) o, 
in the figure, the network P^^NA (PLM ^^^^^^ 

the calling subscriber A, f^;"-^";"-;"^ ^,^subscriber are shown. Wrth 
B and the network VPLMNB visited by the callea 

p'lMNA, HPLMNB and VPLMNB (interoperator call), 

: rrftrrrotrd b;.he same operator and the 

third one by another operator, or 
. all can be operated by different operato^. ^ 
'"r;^;rat:rnrrr— , - rou«ng is almost 
t^aUhe gateway MSC OMSCA o, subscr^r A . 
25 replaced by a fixed ne*«ork gateway exchange ^^^^ 

The signaling needed for estabusning connections com- 

ure 3. The solid lines in the ^^-JJ-^V'^e d^^>- correspond to 
prising both signaling and user ''^l^^^^^^ between the calW 
packet switched signaling connections. F,«^a ~" ^,e call 

30 mg subscriber A and ^^l^^^^TT^' Second, GMSCA 
routed to a gateway °!^?^N(B) of the called subscriber B, and 

ana^es the MS.SDN ^^^°''^^^Z message 1AM (Initial Ad- 

contacts the gateway MSC GMSCB o^ B u«ng 

dress Message), In response to formation by 

35 «on register --^l±^^::::::Z:^:ZZy Having received the 
sending the message SRi (Sena n 
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message, HLRB checks the subscription information to find out the VLR ad- 
dress of the called subscriber and to see whether the call should be barred 
or transferred to a third party. If the call is to be connected to subscriber B. 
HLRB sends the current visitor location register VLRB of subscriber B the 
5 message PRN (Provide Roaming Number). In response VLRB returns a 
roaming number MSRN (Mobile Subscriber Roaming Number) identifying the 
called subscriber in this VLR. VLRB returns to HLRB the MSRN of subscriber 
B in message PRN ACK (PRN Acknowledgment), and HLRB fonwards it to 
GMSCB in the message SRI ACK. Using the received identification MSRN 
10 and the message lAM(MSRN). GMSCB establishes a connection to the MSC 
VMSCB currently visited by subscriber B. To identify the called subscriber of 
the roaming number with his identity number IMSI VMSCB queries VLRB, 
and VLRB returns this information. According to the specifications, this is 
done using messages SIIC (Send Info for Incoming Call) and CC (Complete 
15 Call). Having the identity of the called subscriber, VMSCB now establishes 
the final leg of the call to the called subscriber using the message SETUP. 

In GSM, the basic principle in charging is that the calling sub- 
scriber pays the leg between himself and the home network HPLMNB of the 
called subscriber. The rest of the route is paid by the called subscriber. The 
20 idea here is that the calling subscriber shall not have to pay a surprisingly 
high price for her call, e.g., when the called subscriber is roaming in a distant 
country. According to this principle, when the A subscriber in Finland calls a 
mobile subscriber whose home network is in New Zealand but who is cur- 
rently roaming in Finland, subscriber A pays the leg from Finland to New 
25 Zealand and subscriber B the leg from New Zealand back to Finland. 

ETSI (European Telecommunications Standards Institute) is 
specifying into the GSM system the method of optimal routing to be used as 
an alternative for the above described normal call routing. The basic idea of 
the optimal routing method, shown in Figure 4, is to route the call using the 
30 most direct route between subscribers A and B. Instead of immediately es- 
tablishing a connection to the gateway MSC GMSCB of the home network of 
the called subscriber, the gateway MSC GMSCA of the calling subscriber 
sends the home location register HLRB of the called subscriber the request 
SRI for routing information. HLRB asks the VLRB for a roaming number, and 
35 fonwards the routing number to GMSCA. Using the roaming number, GMSCA 
establishes a connection directly to VMSCB visited by the called subscriber. 
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can be reduced. nnrf^r«;tandina^ an organization of the 

,ion of °P«-|_-*^9^ ^^,,^3, increase ,he oaU price for any 

subscriber (tariff requirement), and 
0 2. a. least in the first phase of the service, one call leg .s always 

naid bv one subscriber. 
Bemuse the expenses caused by different legs can ,,ot be as- 
T nL Lt chase of optimal routing, the optimal routing is 
sumed to be known in *^ '''f P^^""' ^ ^MSCB or both VMSCB and 
used in the flrs. phase -'V^^* ^^J"^ p,,^ of the call tor at least 
' ' rs—^rs :::Z .e mLimum of a na«onal call to 

a mobile subscriber. directly as possi- 

,0 ri^rrurrnerea^a.^^^^^^ 

oHHecalUf the ^inng s^scr^^^^^^^^^ - - 

cations system as the caiiea su subscriber does not 

gateway MSC GMSCA of ^^'^'J^^Z.TZ networK element ca- 
belong to the same system, the ^^^^ ^^^^ „un*er, for ex- 

25 pable of doing HLR inquines according a prespeoiri p 

Let us now study the establishment of an optimally ™uted j^l 

30 ti:::irpl.t nn.err.a^^^^^^^^ 

request SETUP to establish a call "^^"^"^.Z.^^ ^^a^^„g^ omCK 
old subscrlber.Th^ request ls«e^^^^ 

,f GMSCA supports optimal ""''"9 <°'*J-YhTr inquiry SR1(B, OR) iden- 
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HLRB supports optimal routing (OR2=Y). it checks whether the tariff re- 
quirement for optimal routing is met. This requirement is that: 

• the directly routed call is cheaper than the leg between sub- 
scriber A and HPLMNB or 
5 • the directly routed call is cheaper than the leg between 

HPLMNB and subscriber B. 
If at least one of these requirements is met (OR3=Y) and there are 
no other obstacles for establishing the call, HLRB sends the current VLR 
VLRB of the called subscriber a request PRN for a roaming number. 
10 If VLRB supports optimal routing (OR4=Y), it returns the roaming 

number MSRN in the message PRN ACK, and HLRB relays it to GMSCB in 
the message SRI ACK. GMSCA then establishes a connection to VMSCB 
directly using the received MSRN in message I AM. 

If at least one of the conditions OR2, OR3 or OR4 are not met, 
15 HLRB returns to GMSCA an error message SRI ERROR. When GMSCA re- 
ceives this message or when it does not support optimal routing, it continues 
the call establishment using the normal routing procedure shown in Figure 3. 

The advantages of optimal routing are somewhat limited by the 
tariff requirements stipulating that optimal routing must not cause the call to 
20 be more expensive to any of the subscribers participating in the call. Let us 
consider a situation where the bills of both the calling and the called sub- 
scriber are paid by the same company. It is in the interest of the company to 
minimize the total cost of the call, i.e. the sum of the bills of subscribers A 
and B. Let us study a situation where A calls from France to B, whose home 
25 networtc is in Finland but who is roaming in China. The direct route from 
France to China is, nevertheless, more expensive than either of the individ- 
ual legs, i.e. more expensive than the leg from France to Finland and more 
expensive than the leg from Finland to China. Therefore, to comply with the 
tariff requirements stipulating that the directly routed call may not become 
30 more expensive than the normally routed call to any subscriber, the normal 
routing is selected. However, for the company paying the bill, the optimal 
solution would be to route the call directly and thus minimize the total cost. 

The objective of this invention is to solve the above-mentioned 
problem of the prior art. This objective is achieved using the method and ap- 
35 paratus specified in the independent claims. 
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cal, a Jr:-^" .aepenaen. .e .a.« re<,u— .or a... rout- 

According to one embodin«nt, the calls within a P^e-specifled user 
, !?oLd directly The invention can be implemented, e.g., by 
group are always routed directly, i n subscriber a direct routing 

adding to the closed user group TT Jlio be routed di- 
,,3g indicating «,a.the ^^^^^^^^ ^ZTLl.'^e on the basis 
rectly. The decision to route the ca« direct y^ ^ 
of the dosed user group checks and the value or 

ter of the subscriber. ted directly 

3 can r=rrrra:rev::^^-- . the ca. inform, 
on a can pei direct^, 
tion a flag indicating that this can is lo u« 

rd::r^r-e,vwithre.^^^^ 

companying schematic drawings, in which 

Figu. 1 shows .he st^cture o. a i.nown mobile telecommunica«on net- 
work; 

rsrrC:— -eabovemethodonou^n^ 

calls; 

subscriber; 

Figure 7 shows record storing subscriber infornialion, 
Figures shows the stnicture of a message, 
Figure 9 shows a dedsion algorithm running in the HLR, 
35 Figure 10 shows a decision algonthm; 
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Figure 1 1 shows record storing subscriber information; 

Figure 12 shows the structure of a message; and 

Figures 13 and 14 show records storing subscriber information. 

Detailed description of tlie invention 

5 In the invention, it can be determined the tariff requirement for op- 

timal routing is to be bypassed. The call can thus be routed directly even if 
the legs in the normally routed call are separately cheaper than the directly 
routed call. 

The order to bypass the tariff requirement can be specified in vari- 
10 ous ways. The first possible implementation to be presented here is the us- 
age of closed user groups. 

In telecommunication systems one known method is to specify 
Closed User Groups CUG formed, for example, by the employees of a com- 
pany or members of a family. An example of such an arrangement is de- 
15 scribed in specification GSM 02.85 published by the European Telecommu- 
nications Standards Institute ETSl. According to the specification, a sub- 
scriber belonging to a closed user group can be given different subscriber 
options, for specifying what kind of calls the subscriber can make and re- 
ceive. 

20 The storing of closed user group information in the subscriber's 

home location register HLR is presented in Figure 6. A copy of the infonma- 
tion presented is stored in the visitor location register of the subscriber. The 
key to the record is the International Mobile Subscriber Identity of the mobile 
subscriber. Subscriber identity is associated with a list of basic services to 

25 which the subscriber Is entitled. The services are differentiated using Basic 
Service Group Codes BSGC. The basic services are associated with a list of 
closed user groups to be used with that service, the default closed user 
group to be used, information OA (Outgoing Access) of the allowance of 
calls going outside the closed user groups, and information lA (Incoming Ac- 

30 cess) of the allowance of calls coming from outside the closed user groups. 
In this record, the closed user groups are specified using subscriber specific 
codes CUG INDEX. The default closed user group is the group that will be 
used in establishing a call unless the calling subscriber manually enters the 
CUG INDEX of another group to be used in the call establishment proce- 
35 dure. In the example of the figure, the subscriber has been specified as be- 
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longing to user groups 1 and 2 when using the normal telephony service 
T11 The default CUG INDEX is 1, and the subscriber has both incoming 
and outgoing access. \Nhen using automatic facsimile service T62. the sub- 
scriber belongs only to user group 1, which is also the default closed user 
5 group, and has both incoming and outgoing access. 

In addition to the above mentioned information, the record con- 
tains information necessary to map the subscriber specific closed user group 
identification CUG INDEX to the identification CUG IC (CUG Interlock Code) 
identifying the closed user groups unambiguously within a network. Further. 
10 the call barring specifications ICB (Incoming CUG call Barring) and OCB 
(Outgoing CUG call Barring) are stored in it. In the example of Figure 6, CUG 
INDEX 1 corresponds to CUG IC 101, and both incoming and outgoing calls 
within the CUG are allowed within this group. CUG INDEX 2 corresponds to 
CUG IC 12. and both incoming and outgoing calls within the CUG are al- 

15 lowed. ^ J ■ *u 

When establishing a call, the closed user group to be used in the 

call is signaled to the network element holding the CUG information of the 

called subscriber, e.g. his home location register HLR. Based on the CUG 

infomiation of the called subscriber, the HLR checks whether the call should 

20 be established or rejected. 

The exemplary embodiment of adding to the CUG information a 
flag DRF (Direct Routing Flag) indicating that the calls within this CUG are to 
be routed directly is shown In Figure 7. According to the figure, a DRF flag is 
associated with both closed user groups of the subscriber indicating that 
25 calls within these closed user groups are to be routed directly. 

When establishing a connection, the DRT flag is added to the 
routing infomiation request SRI sent by the interrogating MSC GMSCA to the 
HLR of the called subscriber. An exemplary structure of the SRI message is 
given in Figure 8. The message contains: 
30 . the MSISDN number MSISDN(B) of the called subscriber, 

• the flag OR specifying that routing information for optimal rout- 
ing should be retumed, 

• identifier CUG IC(A) of the closed user group to be used in the 
call establishment, and 

35 . the DTR flag showing that the tariff requirement for optimal 

routing shall be bypassed. 
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The DTR flag can be transferred in the extension part of the SRI 
message, for example, thus requiring no changes in the specified message 
structure. In the figure, the extension part is distinguished from the normal 
part of the message by using a discriminator field. The SRI message is 
5 routed to the home location register HLRB of the called subscriber. 

The functionality of HLRB in optimal routing is shown in Figure 9. 
Having received the request SRI(B, OR) for routing information to route the 
call optimally (stage H02), the HLR supporting optimal routing (OR2=Yes) 
finds (stage H04) the VLR address of the visitor location register of the called 
1 0 subscriber. At stage H05 the HLR checks whether the tariff requirement OR3 
should be bypassed and the call established as a directly routed call. This is 
done based on the subscriber information of the called subscriber and the 
information concerning the closed user group to be used in the call and the 
status of the DRF flag given in the call information received in the SRI mes- 
1 5 sage. If the call is to be established as a directly routed CUG call the process 
enters stage H07, in which the visitor location register VLRB of the called 
subscriber is sent a request PRN for a roaming number (stage H07). In re- 
sponse to the request, VLRB returns a roaming number MSRN (stage H08), 
which is forwarded to GMSCA (stage H09). 
20 If the call is determined as one not to be routed as a directly 

routed CUG call (stage H05). the tariff requirement OR3 for optimal routing is 
checked (stage H06). If the requirement is met, the process advances to 
stage H07, in which the PSI request is sent to VLRB. 

If the HLR does not support optimal routing (OR2=No in stage 
25 H03) the GMSCA is sent a message SRI ERROR. As a response to receiv- 
ing this message, the GMSCA continues the call establishment using the 
normal call establishment procedure shown in Figure 3. 

If the call is determined not to be a CUG call to be routed directly 
(stage H05) and the tariff requirement OR3 is not met (stage H06), VLRB is 
30 sent a message Provide Subscriber Information PSI (stage H11). In re- 
sponse to this message, VLRB returns information about the accessibility of 
the called subscriber (H12). If the subscriber is determined to be inaccessi- 
ble, the call transfer CFNRc (Call Transfer on Not Reachable) to be carried 
out in this state is checked (stage H21). If the subscriber is accessible, the 
35 GMSCA is returned an error message SRI ERROR. In response to the error 
message GMSCA starts to establish the call as a normal call. 
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In addition to the checl<s shown in the figure, the HLR checks 
other data, such as the presence of the called subscriber, a change of num- 
ber, unconditional call forwarding, call bamng and allowance of the re- 
quested service. However, these are not essential to the invention described 
5 in this application and are therefore not shown in the figure. 

An exemplary algorithm for checking whether the call should be 
established as a directly routed call by bypassing the tariff requirement at 
stage H05 in Figure 9 is shown in Figure 10. As its inputs, the algorithm 
takes the closed user group 1C(A), the outgoing access flag OA(A), and the 
10 direct routing flag DRF given in the SRI message. Based on the subscriber 
information of the called subscriber, in stage N02 the algorithm checks 
whether the called subscriber belongs to the closed user group specified by 
the calling subscriber. If this condition is met (IC(A)e{lC(B)}), i.e. if the group 
specified by the calling subscriber belongs to the set of closed user groups of 
15 the called subscriber, the algorithm goes to stage N03. in which a check is 
made as to whether the called subscriber has barred the incoming calls 
within the CUG (ICB(B)). If the calls are not barred (ICB(B)= False), the 
presence of the DRF flag in the call information is checked. If the flag is pre- 
sent (DRF= True), the call is routed as a directly routed CUG call. If the flag 
20 is not present (DRF= False), the call establishment is continued as a CUG- 
call without bypassing the tariff requirement, and the procedure of Figure 10 
enters stage H06, where the tariff requirement 0R3 is checked. 

If the called subscriber does not belong to the closed user group 
specified by the calling subscriber (IC(A)^{IC(B)} at stage N02) or if the 
25 called subscriber has banred incoming calls within the CUG (ICB(B)- True at 
stage N03). the algorithm enters stages N11 and N12. At these stages, the 
presence of the outgoing access flag OA in the call infomiation received in 
the SRI message and of the incoming access flag lA in the subscnber infor- 
mation of the called subscriber is checked. If the call is allowed to go outside 
30 the closed user group (OA(A)= True) and the called subscriber allows calls 
coming outside his closed user groups (1A(B)= True), the call is established 
as a normal call. i.e. a non-CUG call, without bypassing the tariff require- 
ment If OA(A)= False or IA(B)= False, the call is rejected. 

It is to be noted that it is not essential for the present invention 
35 that the closed user group supplementary service as specified by GSM 02.85 
is used. The check whether the calling and the called subscribers belong to 
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the same closed user group requiring direct routing of calls within the user 
group can be performed with other implementations, e.g. using virtual private 
networks specified in a system utilizing an intelligent network (IN). In the 
case of GSM, for example, the MSG could check whether both parties be- 
5 long to the same user group using the CAMEL (Customised Applications for 
Mobile network Enhanced Logic) sen/ice being currently specified by ETSI. 

In the IN, the exchange MSCA of the calling subscriber receives a 
request to establish a call. The exchange identifies the call to be established 
by using the IN and sends the Service Control Point SCP a query for instruc- 
10 tions. Based on the subscriber information of the calling subscriber and the 
identity of the called subscriber, the SCP checks whether the call should be 
routed directly. If this is the case, the SCP returns to the MSC the informa- 
tion that the call is to be routed directly, and the MSC adds a flag indicating 
to the HLR of the called subscriber that the call is to be routed directly. In re- 
1 5 sponse, the HLR returns the routing information for the direct route. 

As an alternative, the SCP can send directly to the HLR a request 
for routing the call directly. This gives advantages, e.g., in situations where 
the SCP is implemented in the same computer as the HLR. In this case, the 
MSC sends the HLR a normal request SRI for routing information, but the 
20 HLR returns routing information for routing the call directly, based on the in- 
structions the HLR has received from the SCP. 

In another embodiment of the invention, a subscriber can specify 
that all the calls placed by him are to be routed directly. On the average, es- 
pecially in the first phase of optimal routing, the price of his calls is then at 
25 the same level as it would have been when using normal routing. For the 
other party, however, the price is at the maximum on the level of a national 
call to a mobile subscriber. 

The subscriber can determine that all his calls are to be routed di- 
rectly by including, for example, a Systematic Direct Routing Flag SDRF 
30 shown in Figure 11 into his subscriber information. In the figure, the true 
value of the SDRF flag is given for every basic service group code BSGC. 
The subscriber has indicated that all his voice calls (BSGC T11) are to be 
routed directly. In the example shown in the figure, the subscriber has also 
specified that his CUG calls are to be routed directly. However, since the 
35 SDRF flag is present, also calls going outside his closed user groups are 
routed directly. 
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In the call setup procedure, the value of the SDRF flag is signaled 
to the home location register of the called subscriber preferably in the routing 
information request SRI. The minimum set of fields needed in the SRI mes- 
sage is shown in Figure 12. The message contains the MSISDN number 

5 MSISDN(B) of the called subscriber and the SDTR flag indicating that the 
tariff requirement for optimal routing is to be bypassed. The SDTR flag can, 
e.g., be transferred in the extension part of the SRI message, thus requiring 
no changes in the specified message structure. To allow directly routed CUG 
calls as well, the fields shown in Figure 8 must also be included in the SRI 

10 message. 

The SRI message is routed to the home location register of the 
called subscriber, which follows a decision procedure as shown in Figure 9. 
At stage H05 in Figure 9, the presence of the SDRF flag is checked. If the 
flag is present, the procedure enters stage HOT directly, when VLRB is sent 
15 a PRN message. If the flag is not present and there are no other reasons for 
bypassing the tariff requirement OR3, a tariff requirement check is made 
(stage H06). 

In the next embodiment to be studied, the called subscriber speci- 
fies that calls destined to him are to be routed directly. It can be specified 
20 that In this case, unlike all the other cases, the called subscriber is billed for 
the whole call unless also the calling subscriber has requested that the call Is 
to be routed directly (DRF= True or SDRF= True). 

The called subscriber can specify that his calls are to be routed di- 
rectly by specifying in his subscriber Information a positive truth value for Di- 
25 rect Routing for Incoming Calls Flag DRICF. This specification is needed in 
the HLR only. Figure 1 3 shows a record storing subscriber information in the 
HLR. In the example shown in the figure, the subscriber has specified that all 
the incoming calls are to be routed directly. When receiving a request SRI for 
routing information, the HLR runs the decision procedure shown in Figure 9. 
30 At stage H05 the HLR checks the presence of the DRICF flag in the sub- 
scriber information of the called subscriber. If the flag is present, the tariff re- 
quirement OR3 is bypassed, and the procedure enters stage HOT directly, 
when the visitor location register VLRB of the called subscriber is sent a re- 
quest PSI for a roaming number. If the DRICF flag is not found to be present, 
35 the tariff requirement OR3 Is checked (stage H06). 
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As an alternative embodiment, tiie subscriber can specify that all 
the incoming calls within a closed user group are to be routed directly. A 
subscriber information record according to this embodiment is shown in Fig- 
ured. When receiving a request SRI for routing information, the HLR follows 

5 the decision procedure shown in Figure 9. If the incoming call is a CUG call 
and the called subscriber belongs to the specified CUG, at stage H05 the 
HLR checks the presence of the DRICF flag in the subscriber information 
concerning that CUG of the called subscriber. If the flag is present, the tariff 
requirement OR3 is bypassed and stage H07 is entered immediately, when 

10 the visitor location register VLRB of the called subscriber is sent a request 
for routing number. If the DRICF flag is not found to be present, the tariff re- 
quirement OR3 is checked (stage H06). 

In yet another embodiment, the calling subscriber can specify 
manually on a call per call basis that his call is to be routed directly. In this 

15 embodiment, the subscriber specifies in the call setup phase that the call is 
to be routed directly even if the tariff requirement is not fulfilled. This em- 
bodiment is particularly useful when, for example, 

• the calling subscriber knows the location of the called person, 

• the home PLMN of the called subscriber is on the other side of 
20 the globe, and the probability is low that the called subscriber is 

in a even more expensive place to call, 

• the called subscriber has specified that his her incoming calls 
are to be barred when roaming (BIC-Roam, Barring of Incoming 
Calls when Roaming), or 

25 • the calling subscriber wants to decrease the bill paid by the 

called subscriber. 
For the HLR of the called subscriber, the call establishment pro- 
cedure for a call manually specified to be routed directly is similar to the pro- 
cedure used when the calling subscriber has specified that all his calls are to 
30 be routed directly. When receiving a request SRI for routing information for a 
call manually specified to be routed directly, the HLR again runs the decision 
procedure shown in Figure 9. At stage H05 the HLR checks the presence of 
the DRF flag in the call information received with the SRI message. If the flag 
is present, the tariff requirement OR3 is bypassed, and the procedure enters 
35 stage H07 directly, when the visitor location register VLRB of the called sub- 
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scriber is sent a request PSI for a roaming number. If the DRICF flag is not 
found to be present, the tariff requirement OR3 Is checked (stage H06). 

In the example of Figure 9, unconditional direct routing is 
achieved by bypassing the tariff requirement OR3 for optimal routing. It is 
5 obvious, however, that the invention can be carried out by checking first the 
condition OR3 for optimal routing. If the condition is met, the call is routed 
directly. If the condition OR3 Is not met, the presence of the direct routing 
flag is checked. If the flag is present, the call is routed directly, and if the flag 
is not present, the call is routed using normal routing. 
10 The invention makes it possible to use the most direct and thus 

the cheapest route for the call even if the tariff requirement for optimal rout- 
ing is not met. Thus subscribers that can themselves come to an agreement 
concerning the bills can minimize the sum of their bills. This is preferable, for 
example, for companies that pay the mobile telephone bills of their employ- 
15 ees and are thus only interested in the sum of the bills to be paid. 

In the examples presented above, the Invention is applied to the 
GSM system. However, it must be understood that the invention can be ap- 
plied to any mobile communication system supporting direct routing. 
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Claims 

1 . A method of routing calls in a mobile telecommunication net- 
work comprising mobile stations and mobile switching centers, in which net- 
work 

5 connections can be established between the mobile stations and 

the mobile switching centers, 

the mobile switching centers can establish connections with net- 
work elements outside the mobile telecommunication network. 

subscribers can roam outside their own home network, 
10 subscriber information including the location of the mobile sub- 

scribers is maintained, and 

calls are routed to a roaming subscriber using a direct route not 
passing through the home network of the subscriber if a tariff requirement is 
met, 

15 characterized in that 

a call is specified to be routed directly even if the tariff requirement 

is not met, 

in the call establishment procedure, a check is made as to 
whether the call has been specified to be routed directly even if the tariff re- 
20 quirement is not met, and if the specification has been made, 
the call is routed directly to the called subscriber. 

2. A method according to claim 1 in a system in which closed user 
groups comprising a plurality of subscribers can be specified, charac- 
terized in that the calls within a closed user group are specified to be 

25 routed directly. 

3. A method according to claim 2, c h a r a c t e r i z e d in that 
the closed user group is a closed user group according to the specification 
GSM 02.85. 

4. A method according to claim 2, c li a r a c t e r i z e d in that 
30 the closed user group is specified in the intelligent network IN. 

5. A method according to claim 2 in a system in which information 
about the closed user groups of a subscriber is added to the subscriber in- 
formation of the subscriber, characterized in that the demand for 
direct routing within a closed user group is specified by adding a flag re- 
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questing direct routing witliin the closed user group in the closed user group 
information of a subscriber. 

6. A method according to claim 5. characterized in that 
in the call establishment procedure 
5 the presence of the flag requesting direct routing within a closed 

user group in the subscriber information of the calling subscriber is checked 
and 

the presence of the flag is signaled to the home network of the 
called subscriber. 

10 7. A method according to claim 6, in a system in which in the call 

establishment procedure the home network of the called subscriber is sent a 
message for requiring routing information, characterized in that 
the presence of the flag requesting direct routing within a closed user group 
is signaled to the home network of the called subscriber in the message for 
15 requiring routing information. 

8. A method according to claim 1 in a system in which closed user 
groups comprising a plurality of subscribers can be specified, charac- 
terized in that incoming calls which are within a closed user group and 
directed to a specified subscriber are specified to be routed directly. 
20 9. A method according to claim 8 in a system in which information 

about the closed user groups of a subscriber is added to the subscriber in- 
formation of the subscriber, characterized in that incoming calls 
which are within a closed user group and directed to a subscriber are speci- 
fied to be routed directly by adding a flag requesting direct routing for in- 
25 coming calls within the closed user group to the closed user group informa- 
tion of the specified subscriber. 

10. A method according to claim 1, characterized in that 
all calls made by a subscriber are specified to be routed directly. 

1 1. A method according to claim 10, characterized in 
30 that all calls made by a subscriber are specified to be routed directly by 

adding to the subscriber information of the subscriber a systematic direct 
routing flag. 

12. A method according to claim 11, in a system with a call estab- 
lishment procedure whereby the home networi< of the called subscriber is 

35 sent a message for requiring routing information, characterized in 
that the presence of the flag requesting direct routing of all calls made by the 
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subscriber is signaled to the home network of the called subscriber in the 
message for requiring routing information. 

1 3. A method according to claim 1, characterized in that 
all calls directed to a subscriber are specified to be routed directly. 
5 14. A method according to claim 13, characterized in 

that all calls directed to the subscriber are specified to be routed directly by 
adding to the subscriber information of the subscriber a flag for direct routing 

of incoming calls. 

1 5. A method according to claim 1, characterized in that 
10 the call is specified to be routed directly on a call per call basis 

16. A method according to claim 15, characterized in 
that the calling subscriber specifies call to be routed directly by adding into 
the call setup information a direct routing flag. 

17. A method according to claim 16, in a system with a call estab- 
15 lishment procedure whereby the home network of the called subscriber is 

sent a message requesting routing information, characterized in 
that the presence of the flag requesting direct routing of a call is signaled to 
the home network of the called subscriber In the message requesting routing 
information. 

20 18. A home location register for a mobile telecommunication net- 

work comprising mobile stations, mobile switching centers, and at least one 
home location register, in which network 

connections can be established between the mobile stations and 
the mobile switching centers, 
25 the mobile switching centers can establish connections with net- 

work elements outside the mobile telecommunication network, 

subscribers can roam outside their own home network, 
subscriber information including the location of a mobile sub- 
scriber is maintained and stored in the home location register of the sub- 
30 scriber, 

when establishing a connection to a called subscriber, the mobile 
switching center queries the home location register of the called subscriber 
for roaming information, and 

calls are routed to a roaming subscriber using a direct route which 
35 need not pass through the home networi< of the subscriber If a tariff require- 
ment is met, 
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characterized in that the home location register is ar- 
ranged, in response to the query received, to 

checl< whether the call is specified to be routed directly even if the 
tariff requirement is not met, and, if the call is specified to be routed directly 
5 even if the tariff requirement is not met, to 

return the mobile switching center routing information for a direct 

route. 

19. A home location register according to claim 18, charac- 
terized in that the checking is done based on the call information in- 

1 0 eluded in the query for routing information. 

20. A home location register according to claim 18, charac- 
ter i z e d in that the checking is done based on the subscriber infomriation 
of the called subscriber. 

21. A mobile switching center for a mobile telecommunication 
15 network comprising mobile subscribers and their mobile stations, mobile 

switching centers, and at least one home location register, in which network 
connections can be established between the mobile stations and 

the mobile switching centers, 

the mobile switching centers can establish connections with net- 
20 work elements outside the mobile telecommunication network, 

subscribers can roam outside their own home network, 
subscriber information including the location of a mobile sub- 
scriber is maintained and stored in the home location register of the sub- 
scriber, 

25 when establishing a connection to a called subscriber, the mobile 

switching center queries the home location register of the called subscriber 
for roaming information, and 

calls are routed to a roaming subscriber using a direct route which 
need not pass through the home network of the subscriber if a tariff require- 

30 ment is met, 

characterized in that the mobile switching center is ar- 
ranged to 

receive a request for routing a call directly even if the tariff re- 
quirement is not met and to 
35 fonward the request to the home location register of the called 

subscriber. 
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22. A mobile switching center according to clainn 21, char- 
acterized in that the mobile switching center is adapted to receive the 
request from the calling subscriber. 

23. A mobile switching center according to claim 21 for a system 
5 connected to an intelligent network comprising a service control point, 

characterized in that the mobile switching center is arranged to re- 
ceive the request from the service control point. 

24. A service control point for an intelligent network connected to 
a mobile telecommunication network comprising mobile stations, mobile 

10 switching centers and at least one home location register, in which network 
connections can be established between the mobile stations and 

the mobile switching centers, 

the mobile switching center queries the home location register of 
the called subscriber for roaming information when establishing a connection 

15 to a called subscriber, 

the mobile switching centers can establish connections with net- 
work elements outside the mobile telecommunication network, 

subscribers can roam outside their own home network, 
subscriber information including knowledge of the location of a 
20 mobile subscriber is maintained, and 

calls are routed to a roaming subscriber using a direct route which 
need not pass through the home network of the subscriber If a tariff require- 
ment is met, 

characterized in that the service control point is ar- 
25 ranged, in response to receiving a query from a mobile switching center for 
instructions concerning a call, to 

check the subscriber information of the calling subscriber to see 
whether the call is specified to be routed directly even if the tariff requirement 

is not met, and to 
30 indicate the request to the mobile switching center. 

25. A service control point for an intelligent network connected to 
a mobile telecommunication network comprising mobile stations, mobile 
switching centers and at least one home location register, in which network 
connections can be established between the mobile stations and 
35 the mobile switching centers, 
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the mobile switching centers can establish connections with net- 
work elements outside the mobile telecommunication network, 

subscribers can roam outside their own home network, 
subscriber information including knowledge of the location of the 
5 mobile subscribers is maintained and stored in the home location register of 
the subscriber, 

when establishing a connection to a called subscriber, the mobile 
switching center queries the home location register of the called subscriber 
for roaming information, and 
10 calls are routed to a roaming subscriber using a direct route which 

need not pass through the home network of the subscriber if a tariff require- 
ment is met, 

characterized in that, the service control point is ar- 
ranged, in response to a query for instructions concerning a call, to 
15 check the subscriber information of the calling subscriber to see 

whether the call is specified to be routed directly even if the tariff requirement 

is not met and to 

indicate the request to the home location register of the called 

subscriber. 
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